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The major effort of the pest two months hes been the design of a computer-

essisted instruction system Por teaching progremming lengueges. One of the
first programming lenguages which will be teought using this system will be AID.¥
Although the immediate goal is to develop & self-contsined course in ATD pro-
gramming, the secondary goal, which is, perheps, of greater importsnce, is to
produge an instructional system which will be equally well suited to teaching
any interactive programming languege, such as BASIC, time-shared FORIRAN, time-
shared ALGOL or APL. '

Except for detailed course ocutlines end a few introduectory lessons, the
major effort has been not in eurriculum construetion but in system deaign,
although the two influence one another to such a degree that it is not feasible
to consider them independently. In the Pollowing vemerks sbout the system design
frequent reference will be made to the AID curricﬁlum, but the reader may sub-
stitute "BASIC," for example, for "ATD" almost everywbere without distorting
the meaning.

*Algebraic Interpretive Dialogue is an intevactive programming lemguage based
on JOSS and implemented by Digitel Bguipment Corporation for PDP camputers.
Both the language and the course wexe deseribed in some deteil in previous

progress reports. :



The view of the desigper has been that a course in programming is generally
aimed at relatively meture students, high school or college age studenta, who
are capable of (and interested in) meking decisions sbout the course of siudy.
For this reason the major part of ithe system will be designed to allow the
student as much control over the seguence of lessoms and problems as is feasible.
("Feasible" is used here to mean "fessible from a sysitem designer's point of
view." Practical considerations such ag response time may override other
conglderations in some instances.) Thus, in the lesson strand (core curriculun),
the student will be allowed to skip from lesson Yo lesson in any order, and to
skip any problems within & lesson, in much the same wey that he might read a
textbook, skipping certaln chaptexs, skimning others, and studying some in greal
detail. The student may, of course, be advised aend guided in these decisions.
For example, there wlll be in the AILD wourse lessons which are self-tests, the
primery purpose beinmg to provide the student with an evaluation of his progress,
and to offer advice based on his test gcore.

The lesson strand will be essentielly linear, much as a textbook, with the
assumption that most students will begin with ILesson 1 and contimie straighte-
forwardly through the seguénce. Fach problem will be displeyed in turn and the
student's response will be immediately evaluated; reinforcement wlll be mede by
means of messeges such se "Very good," or "Wrong. Try sgain.” A correet response
will cause a braneh to the next problem in seqguence but the system will waid
indefinitely Por a student who is meking & sequence of incorvect responses.

(Of course, the student has 4t within his power to skip the problem at ony time

he choosges.) The curriculum writer will supply "hints" for the problems in the



strand; these hints will be available to the sﬁudeﬁi~n§0ﬁ demend; if the writer
fails o supply a hint, the def&uit condition in the system will cause a message
such as "o hint was writien for this problem"” to bz sent to any student who
reguests a hint,.

Thus the legson strand including self-tests could serve a8 a complete course
Por highly-motivated students, for exeample, an engineer who wishes to learn as
guickly and efficlently as possible as much of algebrele programaing langusage
29 needed to do a job at hand.

In an organiged couwxse, in & high school or training school, for example,
it is not always desirable to have the student 4in complete control: it mey also
be necessary to have gome means of external evaluation of student progress
" {Grades must be given. Conerete goals must be imposed on students vho are not
gelf-motivated. Bte.). Homework sssignments and tests are the two most commonly
uged methods for evaluating individual students. In order to provide the teacher
with such tools for evaluation, the system will ellow Tor exeycise strends and
& test strand in addition to the lesson strand. Poth éxerciaevana test strands
are viewed by the system designer as tools to be controlled by the teacher, in
contrapt to the lesson strand which is a tool to be controllsd by the student.
Pests, for example, can be teken only at certain timss, s8 decided by the teacher,
and in the test strand, unlike the tesching strend, the student will not be im-
mediately ilnformed of the evaluation of his response, but such informetiopn will
be collected and later relessed to the teacher. Within a test, the student will
be allowed to skip items and yeturn to them lsier during the same peried; he will
also be alloved to delete responses and enter replacements, agein with the re-

striction that it be during the same period. Purihermore, siance tesis in
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programming vourses are ordinarily "open book™ tests, the student will be alloved
to set the test aside while he looks ot sauy leséon material ond then later rew
turn to the test. |

The exercise strends (in the AID course there will ke two exercise strends,
one for homework assighments and one for extra-eredit problems) will also be
controlled by the teacher, at least to the extent thet individual lessons will
be available $o the student only as decreed by the teacher, thus allowing him
to enforce a schedule for the submission of ouiside work. There will be more
student interaction in the exercise strands then in the test strand, however,
since the stndent will be immedistely informed of the evaluation of his responses.
Rezults of the evaluation will also ke stored to be deliverved %o the teacher
later.

The teacher will be free o exercise no contyol over tests and exervcises
if he desives; that is, he mey simply make all tests and exevcises avallable to
all students at ail times.

In summary, the teasching course will consist of several strands, which are
logieally (but, it is hoped, net conitextually) independent. The strends will
be of three iypes: lessous, tests, and exercises. The lesson strends will be
almost entirely uwnder the contrel of the student snd will supply him with em
immediate evaluation of his responses; in the first version of the AID course
there will be only one lesson strend although it is conceivable that several
lesson strands might be desivable for othsr courses, for instence, ote for a
main stream of lessons in the use of P/, a second for the enginmeering applice-
ticos of ?&fl, and & third for the business =spplicstions. %The second kind Qf

strand, the test eitrend, will be largely controlled by the teescher end will not



give feedback to the student. Phe third kind of strand, the exercise strands,
is a combination of the first two kinds; both the student and teacher recelve
evaluation but the lessons sve availsble only when requested by the teacher.

In order to meke such a teaching system appliceble to a variety of pro-
gremuing languages, there are a mumber of practical decisions whlch must be
made by the curvicunlun dealgner since the reguirements will vary from opne course
to the next, and cannct be made im advance of lknowledge of the speeifie pro-
grearming lenguage to be taught. These deelsions include such matters as the
allowable maximum length of the student respouse. In some cases, such as in
the ALD course, it is desirablé to iimit student responses to one line of print
since ATD itself does 80, wher@aé it would be difficult to teéeh a freely foxe-
matted eand cumbersome language sueh asg LISP with sueh a restrietion. Because
of programming considerations an upper bound on the allowable iength mast be
get by the system desiguner but the meximum Por a particular application shouid
be get by the curriculum designer. Other declisions vhieh should be left to the
curriculun designey include such things as the specification of the character
which will be used to erase the preceding single charscher, the specification
of the "erase-the-last-line" character and the “ersse-the-entire-respouse"
character. The character which will be used by the student to signal the end
of hig amswer should also be decided by the curriculum designer. Whether or
not it i8 feésible %o leave all of these deeisions to the writer is now being
congidered.

The teaching system should also be Flexible enough to allow for the addition
of new proesdures fTor anslyzlag stu&gmﬁ reaponses. There will be standaxrd anmalysis

routines availeble to all writers but it is impossible to anticipate the needs



for z courge in a programming 1anguage which hes not yet been iavented: The
stendard anslysis routines will incinde routines ap:ilicablﬁ to multiple-choice
problems wifh a single correct amswer, multiple-choice problems with several
correct angwers, and simple construcited response problems for vhich the correct
response must be an exact mateh with the coded standard. There will also be
routines which will de simple syntactic snalyses such as determining whether
or not a given string of charscters is an integer; oOr a non-negative integer,
or a real number in scilentific notation, ete. One routine will check for
numeric equivalence within specified tolerances, another will check for the
use of specified keyvords, while still another will check to £ind out if a
@peeiﬁe;d kéyword was nob uéed.

The detalled specifications and development of analysis routines has been
a large pert of the work of the past two months, and will continue to be a major
effort in the near future since ithe heart of any system of computer-assisted
instruction l1les in sueck routines. The procedures for anaslysing student responses
must be relieble, fast and discriminatory. The need for veliability needs no
justification. The justification for requiring speed is that the system response
time, which is so eritical to the success of computer-sssisted instruction; is
largely dependent upon the time teken by the analysis procedures. Although 1t
is probable that older students ave more toleranmt of delays then, ssy, elementary
gchool children, (apd it msy even be argued that students of progremming might
as well lesrn early to tolerate the idiwyécmcies of computers) it is felil that
regponse times of 10 seconds would be cauge for severely limiting the number of

simltanecus users of the system.



Analysis procedures should be diseriminatory in the sense that they dige
tinguish, insofer as 1s practical, not only between correct and incorrect responses
but also between different kinds of incorrect responses. It is only in this way
that pertinent diagnostic messsges can be given to students vho respond incorrectly.
Since theve is evidence to show that the overwhelming preponderance of incorrect
responses Pall into a very small number of classes (regardless of subjeet matter),
most analysis procedures need discriminate between only two, or perhaps three,
kinda of incorrvect responses in order to be quite effective.

Preliminary specifications (alvays subject to modification after the actual
job of programming starts) have been written for all of the analysis procedures
mentioned aebove, smd the procedures themselves have been writtem for four of
the simpler analyses.

Another large part of the work in the pest few weeks has been the develop-
ment of a preliminary version of the coding language, which shouid be simple to
learn and use, end should allow the coder or curriculum writer to be as taciturn
28 he wishes withovt denying him eny of the flexibility inherent in the teaching
gystem. Several lessons have been coded in the preliminary coding language and
the final version of the coding language will be ccampleted within the next few
weeks,

The teaching system, in its entirety, will cousist of the teaching strands
mentioned sbove, including the routines for displaying problem text and receiv-
ing etudent vesponses, the analysis proceduves, the action procedures (that is,
the routines for sending diagnostic messages to the students, giving hinta, ete.),
the routines for interprelting code writien in the coding languege, and o auper-’
vigor program o allow siudent-controlled branching between strands. There will



also be proctor routines *t'q" allow for teacher cant;fb]. of certain strands, a time- A
sharing monitor to allow éﬁm;i%énem;s use of the s;fétem by many users, and routines
for data collection. |

In the pext six months the teaching system will be developed sufficiently
to allovw a small scale pillot study of the leeson strand. Curriculum material
for the introductory section of the lesson sitrand of the AID course will be
developed and tested on a few atudents; 41t is hoped that the resulis of the
pilot study will lead to meaningful revisions of both the teaching system and
the curriculum material.

Report submitted by

Richard C. Atkinson
Professor of Pgychology



